Oxygen isotopic compositions of metal grains in a noble-gas-rich chondrite, NWA 801 CR2, have been determined by secondary ion mass spectrometry. 
Oxygen isotopic compositions of planetary embryos are close to the terrestrial value (Yurimoto et al., 2007) . This means that the oxygen isotopic composition of the solar photosphere may not be representative of the solar system, and the interior of the Sun should be more enriched in 16 O than the convective zone if self-pollution occurred. Furthermore, the oxygen isotopic composition of the solar photosphere would change more 16 O-rich with time because the metal-rich convective zone would be diluted by deeper layers with solar evolution (Gonzalez, 1997) . This self-pollution model of the solar system can be tested if we determine oxygen isotopic compositions of the solar photosphere during the planet formation epoch, i.e., protosun. Here we report oxygen isotopic compositions of metals in a noble-gas-rich chondrite, which imply vestige of stellar wind from the protosun during the planet formation epoch.
SAMPLES AND METHODS
We studied the NWA 801 carbonaceous chondrite, which is extremely enriched in noble gases of solar origin (Matsuda et al., 2009; Nakashima et al., 2009a, b) . Although solar wind normally penetrate less than 1 µm in depth from surface of exposed grains, the solar noble gases in the chondrite are observed in the chondrule interiors and in matrices, which trap the gases with concentration of up to about 10 -6 and 10 -4 cm 3 STP/g for 20 Ne in the chondrules and matrices, respectively. This is the first carbonaceous chondrite observed such noble gas charac-
INTRODUCTION
Oxygen isotopic composition of solar wind from Sun has been determined from lunar metals Chaussidon, 2005, 2009; Ireland et al., 2006) . Recently, NASA's Genesis mission has provided new measurements of solar wind for the present Sun (Mckeegan et al., 2009) . These data clarified that the Sun has a very different oxygen isotopic composition than the earth, planets and meteorites. However, the solar value is still controversial because the observed isotopic compositions of the Sun are concentrated into two end members, which are enriched or depleted in 16 O (60-70‰) relative to terrestrial and planetary compositions.
The solar value is generally believed to be representative of the solar system because greater than 99% of the mass of the solar system has been concentrated in the Sun. However, self-pollution of the convective zone of the Sun might have occurred via the infall of planetary embryos during the planet formation epoch of the early solar system (Gonzalez, 1997) because the solar photospheric composition is enriched in metallicity relative to nearby Galactic neighbors (Snow and Witt, 1996) . The inferred mass of the convective zone of the present Sun is to be 0.025 solar mass which is roughly comparable with the minimum mass solar nebula.
teristics. Similar noble gas characteristics have been observed in an enstatite chondrite (Okazaki et al., 2001) .
A polished thin section of primitive carbonaceous chondrite NWA 801 CR2 was prepared for this study. The thin section was coated by a carbon evaporation film of about 30 nm thick in order to reduce electrostatic charging during high-energy electron and ion bombardments for chemical and isotopic analyses. A field-emission type scanning electron microscope (FE-SEM, JEOL JSM-7000F) equipped with an energy dispersive X-ray spectrometer (EDS, Oxford INCA Energy) has been used to analyze petrographical and surface textures and chemical compositions before and after oxygen isotope analyses.
A secondary ion mass spectrometer (Cameca ims-1270) of Hokkaido University has been used to determine oxygen isotopic compositions in metal grains in the chondrite. A flat-topped and oval-shaped Cs + primary beam (~60 µm × 100 µm in axes) of 20 keV was irradiated on the sample surface with a beam current of ~8 nA. Secondary ions emitted from 15 µm square at the center of the sputtering crater are detected using a field aperture in order to reduce artifacts from oxygen contaminations on the surface such as adsorbed water.
We measured oxygen isotopic compositions of metals close to surfaces of chondrules and in matrices because solar origin noble gases are observed in chondrule interiors. The measurement positions in metals in chondrules and in matrices were typically about 50-200 µm inside and 50-100 µm inside from the chondrule surface and from the metal surface, respectively.
Because oxygen concentration in metals is extremely low, secondary ions of migrated water from an adsorbed water layer on the surface and of adsorbed water from residual gas in the vacuum chamber cause severe problems to measure intrinsic oxygen in metals. We maintained 17 O intensity. The total measurement time including contaminationlayer removal for one analytical spot was about one hour and the sputtered depth of the crater was about 1 µm. The NIST 665 metal standard was used to normalize secondary ion-ratios to δ 17,18 O-values. Analytical precisions are determined by count statistics because of the low count rates of secondary ions, e.g., 17 O = ~2 counts/second. Isotope ratios tested by the standard were reproducible within the count statistics under ranges of secondary ion intensities used in this study.
Oxygen concentrations were calculated by secondary ion intensity ratios between sample and standard assum- (Mckeegan et al., 2009) , and a chondrite with the most 16 Orich composition (Kobayashi et al., 2003) ing linear relationships between concentrations and intensities. We used spinel for the standard and did not include matrix effect corrections because we have no appropriate metal standards for oxygen content analysis. The calibration applied to the NIST 665 metal. The NIST 665 metal contains many oxygen-rich inclusions. The calculated contents of oxygen range from 5 ppma (in inclusion-free area) to 250 ppma (in inclusion-rich area). The large variation is due to the oxygen-rich inclusions of tensto sub-micrometer sizes scattered in the standard. The reported (not certificated) value of oxygen in the standard is 220 ppma or less (Reed, 1991) . Therefore, the absolute concentrations may have systematic errors of a factor of several. On the other hand, the random error is estimated to be less than 30% relative to the concentration by count statistics.
RESULTS AND DISCUSSION
In the metal grains of NWA 801 chondrite, oxide inclusions less than 1 µm are common. Characteristic Xray signals of Mg have not been observed from the inclusions, but Si and O signals have been observed, and a sulfide phase coexists in most cases. The chemical compositions show the oxide inclusions are different from chondrule melt, indicating direct segregation from metal. Oxygen ion intensities from metals containing the inclusions were primarily from the inclusions. The oxygen isotopic compositions lie along the terrestrial fractionation line (Table 1, Fig. 1a) indicating that the metals formed with planetary oxygen isotopic compositions.
After the inclusion segregation, oxygen contents solved in the metals would significantly decrease. Therefore, the metal is a good target to determine trapped oxygen of stellar winds during the planet formation epoch. We selected inclusion-free areas in the metals and analyzed the oxygen isotopes (Fig. 1b) . The oxygen isotopic compositions from metals without inclusions mainly plot around the terrestrial fractionation line, but several analyses clearly deviate downward from the terrestrial fractionation line and seem to be large mass fractionation signatures (Table 2, Fig. 1a) . In order to clarify the deviation from the terrestrial fractionation line, we introduce ∆ 17 O (Fig. 1c) . The histogram of ∆ 17 O is composed of two Gaussian curves (Fig. 1c) . The main peak curve consists of ∆ 17 O = 2.3‰ for the peak and ±7.5‰ for the standard deviation. This curve is probably due to terrestrial adsorbed water or to oxide inclusions <<0.1 µm because these contributions cannot be completely removed during the experiments.
On the other hand, the accompanying curve consists of ∆ 17 O = -35.0‰ for the peak and ±7.1‰ for the standard deviation. The oxygen contents are less than 10 ppma e14 K. Fujimoto et al. (Fig. 1c) . The 16 O-rich characteristics are difficult to consider due to analytical artifacts because we have many data of the main peak having the comparable low O concentration level to the 16 O-rich data. The mass dependent fractionation trend for 16 O-rich data resemble to the data by Hashizume and Chaussidon (2005) . The parts per million concentration level is expected for solar origin oxygen in this chondrite based on the noble gas contents of the chondrite and the chondrules (10 -6 and 10 -4 cm 3 STP/ g for 20 Ne) (Matsuda et al., 2009; Nakashima et al., 2009a, b) and assuming solar abundance of elements ( 16 O/ 20 Nẽ 7.1) (Lodders, 2003) . These results have the consequence that the accompanying curve consists of trapped stellar winds from the protosun during the planet formation epoch. Energetic solar flare particles of active protosun may be available for the trapping mechanism of stellar wind into chondrule interiors (Okazaki et al., 2001) although further study would be necessary. Therefore, the oxygen isotopic composition of the protosun seems to be enriched in 16 O and calculated to be ∆ 17 O = -35.0 ± 2.1‰ where the error is standard deviation of the mean. The composition quantitatively agrees with the value of the most 16 O-rich composition from meteorites (Kobayashi et al., 2003) and of Hashizume and Chaussidon (2009) and Mckeegan et al. (2009) .
Because there are two possibilities of oxygen isotopic composition of the present solar photosphere, we can develop two scenarios for self-pollution by planetary embryos. If the present solar photosphere is extremely depleted in 16 O as shown in Ireland et al. (2006) , selfpollution by planetary embryos was important process during the planet formation epoch in the solar system. The oxygen isotopic composition of planetary embryos should be extremely depleted in 16 O comparing with the Earth. Such 16 O-poor compositions are inferred in comets and gas planets (Yurimoto and Kuramoto, 2004; Kuramoto and Yurimoto, 2005) .
If the present solar photosphere is enriched in 16 O as shown in Hashizume and Chaussidon (2009) and Mckeegan et al. (2009) , the agreement of oxygen isotopic compositions between the protosun and present day sun demonstrate that self-pollution by planetary embryos was not significant for solar system evolution and that the solar photosphere has the representative composition of the solar system.
